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IDENTI 

AB&RACT'_,. . , 

This panphlet is* the sixth in a sefijes of nihe t^ 
discuss^hi^Klpollo-So^ mission "and experipents. Ihis set is; 
designed as a^curriculun supplement 'for seconda^^ry aid college' 
t€iachers, supervisors, curriculum specialiists, textbook writers; and- 
the general public. These booklets provide ^sources of ideas, ^ekampl'es 
of the scjientific method, references to standard^ textbooks, and 
descriptions of space experiments, Ther^ axe niim^rous illusti^atians, 
as yell questions for discussion (with answers) and a glossary of 
terms* This booklet is concerned With the radiation hazard in 
spacecraft/ light flashes, iji the eyes of astronauts^ and Cosmic- ray 
ef fects on bacterial spcres> seeds, and eggs, (MA) i . 
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The Apollo-'Soyuz Test iProject (ASTP)V which flew in July 1975, aroused 
considerable public interest; first, because the space rivals of the Ijaite^ 1 950' s . 
and 196p'& were wprking together in a joint endea^or^ and second, bec'ause , 
tlKirii^ii^ effprts included developing a space rbscue systara. The ASTP - , 
also included significant scientific experiments, the results of which can.be: 
used in |ea£hing biology , physics, and mathematics in schools and cblleges.. 

This scries of pamphlets discussing the Apolld-Soyfiz misste^^ 
ments is a set of curriculum suppleirients designed for teathersv supervisors, 
ciiiriculum specialists, arid textbook writers as well as for the general public. 
Neither textbooks nor courts of study, these pamphlets arc intended to ^ 
'provide a rich source of ideas, examples of the'scientific method, pertiijient 
references to standard textbooks, and clear des^rif>tions of space experiments. 
J ^In a sense, they may be regarded as a pioneering form of teaching aid^ Seldpm 
has there . been siIchK a forthright effort to provide, directlj^Jto. teachers; ' 
curriculum-relevant reports of current scientific research/, High school'^ 
teachers who reviewed thcyfexp siiggestejl that a^^ who are 

% interested migtit be assigned to sftidy one pamphlet and report pn it tb the^rest - 
of .the class. After class discussion, students might be assigne'd (without/ 
access to the pamphlet) one or more of the **Questions for Discussion" for 
formal or. informal answers, 'thus stressing the application of what was 
h previousfy cove^^d in the pamphlets. ; - . ' 

* ' Tile authors of these pamphlets are Dr. Lou William^Page, a geologist, and 
. Dr; Thornton Page, an astronomer. Both-ljave taught science at several 
universities aijd have published v4 bookson science for schools . colleges, and 
, the general reader, including recent one oii* space scien^. ^ 
" Technical assistance tp the/ Pages was provided by the Apofid-Soyuz 
Prograni iScientist, Dr. R. TKpmas .Giuli,. and .by. Richard R. Baldwin^ 
W. Wilson Lauderdale, and Sus^ N. Montgomery ,^m^ group at 

the NASA LyMon B! Johnson SpWi!fCen«in 

scientists' participation in the ASTP WjBylyfc their reports of experimen- 
tal results. . . ^ f ' ' 

Selected teachers from'^^g^^^fK)ols and uniR^rsities throughout the United 
States reviewed the pamphf^s in draJKonnf They suggested changes^ in 
wording, the^^addition of a' glossary of ternjis unfamiliar to studjtht^, and 
improvemenls fn diagrams. A ifet of the teachers and of the scientific, inves- 
tigators who reviewed the texts for accuracy, follows thiis Preface^ 

This set of Apollo-Soyuz pamphlets was initiis^ted and coordifnate4:by Dr. 
FredimckE. Tuttle^ Director of Educational Programs, and was supported by 
the I^SA Apollo-Soyuz Program Office, by Leland J7 Casey , Aerospace^ 
Engineer for ASXP. and by William D. Nixon, 'Educational Programs 
Officer, ali of ^NASA Headquarters in Washington, D.C. . 




ERIC 



ft V 



]>reciation is'eXpressed to the scientific niyestig?itors and teachers who 
^ reviewed the draft copies; to the NASA specialist's who provideb diagrams 
' and j)hoft)graphs; and to J, K. Holcpmb.^Headquartecs Director of ASTP 
ppemions, an^ Chester M. Lee, A§TP Prograrn Director at Headquarters, 
'whose interest in thi^ edocationai endeavor made this pu^lication po^^ible. 
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1 lntrodu6tioi%' 




diation Hazard in Spacecraft 



After 4 years of preparation by the U.S. National Aeronautics and Space 
AHministration (NASA) and the U.S.S.R. Academy of Sciences, the Apollo 
and Spyuz spacecraft were launched on July 15, 1975. Two days later 
at 16:09 Greenwich mean time on Jufy 17, after Apollo maneuvered into 
the same orbit as Soyuz, the two spacecraft were docked. The astronauts . 
and cdsjnonauts then met for the first international handshake in space, 
.and each crew entertained the other crew (one at a time) at a meal bftypical 
American xir Russian food! These activities and the physics of reaction 
motors, orbits around the Earth, and weightlessness (zero-g) are described 
more fully in Pamphlet I, * The Spacecraft, Their Orbits, and Docking'- 
(EP.133). 

^ Thirty-four experinient;^ were performed vi'hile Apollo and Soyuz were in 
orbit: 23 by astronauts, 6 by cosmonauts,, and 5 jointly. These experiments 
in space were selected froni 161 proposals from scientists in nine different 
countries. They ^re listed by number in Pamphlet I, and grqups of two or 
more are described in detail in Pamphlets 11 through IX (EP-134 through 
EP-141, respectively). Each experinient was directed by a Principal Investi- 
gator, assisted by several ^o-Jnvestigators, and the detailed scientific ^lesults 
have been published by NASA in two reports: the Apollo^Soyuz Test" 
Project Preliminary Science Report (NASA TM X-58 173) arid the Ajwllo- 
Soyuz Test Project Summary Science Report (NASA SP-412). The simplified 
accounts given in these ^pamphlets hfave been reviewed by the P^riricipal 
Investigators or one of the Co-Investigators. • . V . 

Planners of the early NASA space missions worried about damage ifrom 
meteors and the . dangers of returning to Earth . at high speed through the 
atmosphere. When these hazards were ^avoided (by meteor shields and abla-. 
tive heat shields), the next concern, was the effect of weightlessness on 
astronauts. After the SkyUb 3 astronauts spent 84 weightless days in orbit, 
this anxiety passed. 

Recent evidence shows. that the "'radiation hazard** may be of more 
concern in long spaceflights. Radiation.** is used here to mean the bom- 
bardment by high-energy particles — cosmic rays in outer space and high- 
spieed protons arid electrons in the Van Allen belt about 320 to 32 400 
kilometers above the Earth *s surface. This radiation is hazardous not only to' 
astronauts and other li\^ng organisms in the spacecraft but also to electronic 
* equipment and instruments. ' 
" Two-Apollo-Soyiiz Test Project experiments are described in this pam- 
phlet. Experiment MA- 106 » Quantitative Observations of Light Flash J^ensa- 
tions (flashes seen by **blindfolded** astronauts), wS* supervised by T..F. 
Budinger of the Lawrence Berkeley Laboratory at the University of Califof- 



nia. He was assisted by i\ Co-Investigators. Experiment MA- 107, Biostack 
III, was a Gbiman Experiment supervised by Horst BCicker of the Biophysics 
S^ce Research Group at. the University of Frankfurt. He was assisted by 32 • 
Co-Investigators frdm Wesf.Germany, France, and the United States.. Bio- 
stack III was the tnii^ in. a series of^experiments ta. measure the pffects of 
cosmic rayst)n.spbres, seeds, and eggs/ (Biostack I wascarriedon Apollo 16 
in ArhI 1972 arid Biostack II was tarried on Apollo 17 in December 1972.) 

. . ..■<■' ' ■;■ ':■ ' ■ ■ 

Inconiing Particles Versus 

the Earth's Magnetic Field ^ V 

Cosmic rays are th^ged particles (ions) moving at high Velocity and coming 
in toward the Earth from alLdirections. Scientists have found that many of the 

' lower speed cosmic-ray particles come from the Siin. These are called^o/^r 
cosmic rays,. Jhcy are probably blown out of the Sun by violent explosions. 
Much, slower protons and electrons— the **solar wind' V-^are streaming con- 
tinuously out of the Sun in large numbers. The higher energy cosmic rays 
coming from all other directions probably originate in our Milky Way Galaxy 
and are called galactic ci^mic rays/They pass right through spacecraft at a 
rate of Z particlesA:lfn2 hr. All thesie particles are deviated by ihe Eatith's 
rnagnetic field: the slow, light ones are deflected more thm the fast, heavy, 

. galactic cosmic-ray particles. 

The Earth has a magnetic field' sofpewhat like^hat of a large bar magnet or 
"'raaghetic dipole.** There is a regioiv^tround the EaitKwhere a compass needle 
will point along the magnetic^ Unesf^f forcei representea by the dashed lines in 

^ Figure 1 i 1 . Of course, there is ni^ar magirct inside the Earth, The Earth's mag- 

V netisin is thought to arise from currents in the molten core due to the Earth's ro- 
tation (although the magnetic dipole is inclined 13° to. the rotation axis). The 
magnetic field strength is about 500 milTiganss (50 x 10"^ tesla) at the surface 
;^nd the strength rapidly decreases outwardly (m prbportiori to l/r'*, where r is 
the distance from the Earth's center); Other planets also have magnetic fields, 
but those of Mercury/ Venus, and Mars (an'd the Moon) are much smaller. 
Mercury's magnetic field is about 1 percent of the Earth's and the magnetic 
fields^f Veriu^ and- Mars are nearly ^ero. 'Jupiter and Saturn have much 
singer magnetic fields (4(X)0 milligauss„or 400 x 10"^ tesla, at the surface), 
probably because they are rotating faster than the Earth. 



» Inject Physics, Sees. 14.2, "14.13; PSSC, Sees. 22-1, 22-3;'and ESCP,'Secs. 3-1 1 to 3^13. 

(Throughout this pamphlet, references will t)e g^n Id key topies covered in these three standard 
■ textbooks: '•project Physics," second edition, Hoh, Rinehait and Winston, 1975;. "Physical 

Science Study Committee'! (PSSG), founh edition, D.C. Heath. 1976; and "Investigating the 
^ Earth'' (ESCP), Houghton Mifflin Company, 1973.) , . - ^ : \ 



The direction of travel of a changed particie (ion) is changed by the magnetic 
field.2 The cosmic ray in the upper right of Figure 1.1 thus is deflected 
downward. Such deflections ^ cosmic rays)produce the **latitude effect' V 
cosmic rays arc more intense at high latitudes (northed soiith) than near^ 

•^the Equator. . - 

Deflections of slower moving ion^— the protons and electrons in the solar 
wind— are larger, and the Earth's magnetic field has * -captured" many of them 
in the Van Allen belt^ (named after physicist James Van Allen of the iJniversity 
of iowa, who discovered it from measurements on thel Explorer 1 satellite in 
1958). The*cutaway view of Figure 1.1 shows the doughnut^shaped regions 
.where protons and electrons are oscillating north and south along the magnetic 
lines of force (hashed lines). These charged particles spiral arouiid^the lines 
of force at speeds of several kilometers per second and are reflected back 
where the lines, of force get close together near the magnetic poles. Thiers 
are no sharp; boundaries to the regions where protons and electrons are 
oicillating, but the whole Van Allen belt is between 320 and 32 400 
kilometm altitude and extends all around the Earthi The peak intensity 

. of protons occurs at about 3600 "kilometers altitude, \yheYe the protons 
have energies of more than 10 megaelectronvplts and a flux of more than" 
qIO OOO/cm^ scc.^Because of the intensity of this [^radiation" in the Van Allen 
belt, this region of space is by ^,the most hazardous to living organisms (and 
to sensitive instruments) in spacecraft. (The NASA Pioneer 10 mission found 
the similar radiation belt of Jupiterto be several thousand times more intense.) 



'Project Physics. Sec. 14.13; PSSC, Sees. 22-4. 22-6. 
•'Project Physics. Se§^;.t-f.2^/SSC, Sees. 22-1, 22-3, 



The Earth's magnetic field is not as simple as the diagram in Figure 1 . 1 would 
suggest. Its outer regions are affected by the solar wind, and the ''magneto- 
sphere"— the region of the upper atmosphere that is donriinated by the Earth's 
magnetic field— has a * * shock front'.' facing into the wind (more or less toward 

,the Sun) and a **tail" stretching downwind; More important for Earth - 
^ellites such as Appllo-Soyuz, the Eartb's magnetic field has a"dent" 

' over the Atfantic Ocean just east of Brazil that causes the ^Van Allbn belt to 
bulge downward toward the Earth's surface in aregion called the South Atlantic 
Anbinaly. This irregularity in'the magnetic field produces a, region of very 
intense radiation in the lower part of the Van Allen belt there (about lOOO times 
more intei^ thdn in nearby space).. NASA scientists have learned that some 
instruments on spacecraft give; erroneous readings ^wiiile they are in the^oulh 
Atl?intic Anomaly. NASA's Skylab, kt a 444-kilometer altitude, went thiyugh it 
regularly Apollo-Sdyuz was below it at anidtitude 'of 222 kilometers, where the 

. radiation dose was almost 10 times less than at the Skylab altitude. \ 

Racliaiibn Effects on InWuments \ 

Photographic film in'cameras, most of the electronic equipment in spacecraft, 
and sensitive instruments designed to detect x-rays or far-ultc^violet light ^^^^ 
affected by Van Allen bell radiation and cosmic rays. The detectors 
themselves may give false eounts because a fast proton or cosmic ray is 
recorded. j(This probleifi is avoided by uiiiig **anticoincidence counters"-u 
see Pamphlets 11 and Hi.) Photographic filni is fogged by tfie radiation, ah 
electronic parts, such as semiconductor or discharge tubes, may give 
ifewanted pulses of current .(false cpuntsnwhen cosmic irays or high-speed 
^ protons pass through them. Long exposure can permanently damage some 
electronic parts and can also fog photographic film so that it is unusable. This 
can be partly prevented by shielding. On theUdng Skylab missions, film was 
kept in a cabinet that had thick metal sides, Iflce a bank vault. On most space 
instruments, the electronics are shielded by ntetal containers. The spacecraft 
hull also provides some shielding for everything inside. This shielding can be 
effective against Van Allen belt electrons anH most of the medium-speed 



protons.; However, most of the coismic rays penetrate a few centimeters of 
metal, and the^ few that are absorbed create secondaries^ '^-of ten high- 
. energy gamma rays. This makes t)ie exposure of astronauts and other living 
organisms near metals in ^ Spacecraft very complicated. 

Biologicdl Effects 

When '"radiation" (high-^n^rgy protons and cosmic ray Si as well as. gam ma 
rays or x-rays) is absorbed in living cells, it ionizes atoms or molecules in the 
cell and may disorganize or kill the cell, The loss of a feW; cells; in a large 
organism such a*^ a human usually doesn't matter. Long exposure may do . 
hapn, however, and for that reason x-ray technicians and astrenaiit's usually 
wear photographic badges that show how much exposure th^y 3have 
acciimulated. TheoveraJl biological damage is measured in **rads.;,' One rad 
(radiation absorbed tfose) is equivalent to 10"^ Joules of energy absorbed 
per gram^of tissue . For humans, the lethal dose is about 400, rads. Hospital. 
x-r%y photog^raphs give less than 0.01 rad, and astronauts on long space 
missions have so far accumulated 6n1y.3 or 4 rads, which has ho significant 
effect. F^Ufvever, on future missions^of much longer 'duration, cosmic-ray . 
dosage.may be a serious maker: / , *.v. 

. The biological damage by a single cosmic-ray particle is measured by its 
linear-energy transfer" (LET), which is.the cosmic-ray energy absorbed per 
micrometer of cells or liyirig tissues penetrated. The LET is larger for higher 
energy, highly charged particles. In space, the. important cosmjc rays are the 
heavy ones — the ruiclei of carbon, nitrogen, and oxygen (atoms, of atomic 
weight A stripped of all Z eljsctrons)— that have kinetic energies £ of many 
millions of electronvolts (see ^^amphlet II). Xhese rays. have an LET of 10 
keVZ/xm^r larger (LET is proportional. to Z^E/A). 

One' unexpected biological effect of cosmic , rays was the occurrence of 
'Mi^ht flashes," first reported by*^stronaut"Edwin *'9u2z" Aldrin on the 
Apoilo 1 1 mission to the Moon in July 1969. He reported seeing the flashes 
with his eyes closed. Other astronauts reported the flashes, and they were 
counted and tinied on later Apollo and SKylab missions. As noted in Section 
2, several complicated explanations have been proposed by biologists and 
physicists. (Actually, C. A. Tobias of the Lawrence Berkeley Laboratory had 
predicted in 1954 that cosmic rays would prpciuce flashes in ;asttonaut's eyes, 
^ but few soientists remembered hi^ prediction.) • • 
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: (Cosmic Rfiiyi^^^agneti^ Relds, Shielding) 



1. If ybli^i^anted tp.S^^sb^ri one cosmic ray cempletely, what characteris- 
tics wouid' you list? v:\ ' ^ - 

■ ' ■^^<f^■■M. ■ - ■ ••■ ; ■ ?• . 

2. Why iSttherei no.Van Allen belt around the planet Venus?- . ' . 

3. Sonne rocks were magnetized by the Earth's magneftic fietd.a^they were 
fooned. Measurements show that the magnetic fi^d has changed: m strength 
and' direction during fhis past 500 millioh years.VWhat cq>uld cause^is? 

,-, . ■ ■ ■■ ■ ',, ■ f ■ ' . ■ . • 

4. If th^ Earth*s atmosphere were much hr§her,\ what would happen to the 

■ '■Van' Allen belt?- V.' ' ' ^V./^ ^^vV;- 

.5. Which would shield, photographic film in a spacecraift better: a 
1 -centimeter thickness of alumihum or a 1 ^centimeter thiclgiess of lead? 

6. A 2000-nriegaelectrorivqlt cosmic ray has an LET of fO keV//xm. If this 
ray were. to pass through your head, hoW tnjuph energy would^^ 

'^'■...cosmic ray? . ■ '. ; ' '.V ./ "l' 
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Light Flashes in the Eyes 
of Astronauts 



) The flashes of light, as reported by the Astronauts, have various shapes (Fig. 
2.1). The variety of shapes complicates their explanation. The simplest ideais 
that acosmic ray pas^s through the eye's **detector" (the retina) and ionizes 
a few atoms or molecules, which results. in a sighafin^thp optic nerve. The 
signal is interpreted by the brain as a **single star" (ujpper right in Fig*2. 1), or 
perhaps a.**cpmma.'' The **diffuse-cloud'' flashes, however, would seem to 
be something different. - 



Short streak 



Long: streak 
(t^iin lifie * 
ligtity 



. HoldOQ , 
■ pf light) 



Double streak 
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I* (very bright 
\ flash) 




Star. . 
(single lighV 
point) 
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light points) 
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Shapes and stzes of light flashes noted In space and In cy.clbtrOf) exp^lments. Figure 2.1, 
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One theory proposed by G. G.-Fazio, a Harvard astronomer, is that <he 
diffuse-cloud flash is **Cerenkov radiation*V produced in the astronaut's 
eyeball: Cerenkoy radiation is a ''shock wave" of light emitted when a 
particietraveling nearthe speed of light c. (3 x 10® tn/sec) enters a substance 
. in which the speed of light is^/owr than the speed pjf the part 
plastic, or the human eyeball; light Wvels al^i^^^^ 40-percent slower than e.) 
For the vitreous humor in the human, eye, Gerenlcov radiation would be- - 
produced whenever a 5000-megaelectronvolr cosmic ray parsed into it>The 
resulting flash should fill the entire Eyeball! It would be out of focus because 

, the vitreous humor is located between^he lens and the retina. S^ch qut-pf- * 
focus flashes could account for the reported diffuse .olouds.*'* 
?A third explanation of the flashes, proposed by T. F. Riidinger of the 

• Lawrence Berkeley LaboratbryT . involves a nuclear reaction between high- 
energy protons and the nuclei of atoms in the retina (carbon, nitrogen^ and 
oxygen). Such nuclear collisions produce high-s[)eed alpha particles (helium- 
nuclei) at the rate of one He** for each 250*000 prptdns entering the eye! , 
Budihger's calculations show that when Skylab passed through the South* 

' Atlantic Anomaly, the intensity of high-energy protons inside the spacecraft 
would prodiR:e dght alpha particles p^r minute in the two eyes of an astronaut, 
just as reportedWSec.'^Q). These alpha particles have mass arid energy high , 
enough to. produce stars and streaks (Fig. '2. 1), whereas the Van Allen belt 

_protons. themselves pass through the eyes unnjOticJed! 

In summary, there .are:4}robably at least three causes of,. light flashes in 

^astronauts! eyes: (1) ionization in t,hie retina-by high-mass cosmic rays; (2)\^ 
Cerenkov radiation in the eyeball by high-mass, very high' energy cosmic 
rays; and (3) ionization in the retina by alpha^particles produced bynuclea^ 

^collisions with high-energy Van Allen ^l^^proto^^ 

Laboratory Experiments W^^ ^ 
* Flashes In the Eyes * 

T. F. Bildingier, the F^rjricipal Investigator for Experiment MA^l()6,'and C. A. 
Tobias, the Co-Investigator, conducted a series of experiments using high\ 
energy ions from a cyclotron at Berkeley. They.knew exactly which ions were 
in the^ artificial cosmic rays and' exactly how much. energy they had in a 
narrow be^Qu^eyersil Berkeley pfhysiqists volunteered as sybjects. Each was 
blindfolded for 15 minutes or more (to adapt his eyes tp daiicness) and then 
given a few short "bursts of high-energy ions through the eyes and h^ad at 
' speciific places. Budinger found that^firing the ions through the brain or optic 
nerve did not produce flashed but that firing them through the eye did. The 
speed (energy) of the ions was not high enough to product Cerenkov radia- 
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tion;'thcrefore, Budinger and Tobias concluded tha^ionization in thM*etina 
was the main cause of the light flashes in the eyes'of the astronaOts. . ' 

Counts of Flashes in Spacecrjaft 

The explanation of the light flashes and. their different shapes is still upclear. 
Budinger thinks that ^ome of the flashes may-come from light, emitted by 
atoms near the retinaihat have been excited by the passing cosmic ray , as well 
a^from ionization in. the retina. In Earthiorbiting spacecraft sjjch as Skyla]:(), 
whete Astronaut Bill Pogue saw about 8 flashes per minute while passing 
through the South Atlantic Anomaly, there.are obviously many dif|e^peQt^ 
kinds of ions (protons and heavy hUclei) passing through the eye. On Apollo 
flights to the Moon, far from Eaith, there should be rhostly heavy nuclei,' and , 
■ the. Apoilo astix)nauts av^aged 2 flashes per minute.^ ^ 

^Apollo-Soyuz wasln a much lower o?bit than. Skylab and passed under- - 
neath ,the Soutih Atfantic Anomaly., It was expected, that careful couritirtg . 
would show jh6 cosmic-ray latitude effect a^the spacecraft moved from the 
Eqifator to51.8° N and then to 51.8° S latitude. V 

Experiment MA-1 06 

The MA-106 scientists wanted timed coants ariH^ descriptions of the flashes'^ 
and separate measurements of the; cosmic-ray intensity near each astronaut's 
liead. They wanted to check the astronaut's adaptation to darkness by measur- 
ing the faintest light that he could see just before the icounting started. All this 
was acconwjlished wjith the equipment shoWri^jn Figure 2.2. Twq astronauts 
were fi/tOT with lightrtight masks, each wj^th jutrticrophone in ifront'o&^the 
nibuth and a small, .controllable light ("diode';/) in front of one ey^. The two 
men were placed so that their heads were beside jwo cosmic 7ray detector 
boxes, and4hey.held pushbuttons to press eaeh time that they saw a flash. The 
third astronaut operated the light controls and a tape, recorder that recorded^ 

' each astronaut*s pushbutton count and his ve.rbal description of the flash and 
the counts of cosmic rays from the two detector boxes^ In effect, mep's eyes 
were calibrated as cosmic-ray detectors! C. 
» In detector box, thdre were two/kinds-of co$i;nic-ray detedors. One 

: was provided by the German Co-Investii^ators, who had invented it at the 
Nuclear Physics Institute in Frankfurt. It uses sraall wafers of silver chloride 
(AgCl) ci^stals doped with cadmium (Cd). Each AgCl(Cd) waifer was I by 2* 
by 0.3 centimeters. Cosmic rays have been found to leave "latent tracks" in 
AgCl(Cd) that can, be developed like photographic film. However, the unde- 
veloped tracks disappear in a few minutes unless they are "frozen in*' by 
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Experiment MA- 106 layout 



shining liglit on^the crystal . Then, when the f rystal is ^eyelopedv the tracks 
made while the light was on (and no others) will show as black lines. The 
thickness and grainin^ss of the Hnes^how roughly the ion type and speed or 

■energy.' ,. ■;■* ' ■ ' ■ ■; ^ 

The AgCl(Cd) wafers were put in four sm all t>oxes , one ofTeach side of 
small electric lamp in each box. One lamp was turned on vyhile Apdllo-Spyuz 
was at 50° N latitude, ^second one while the spacecraft was near the Bquator, 
a thirdone near the Soiifh Atlantic Anomaly, and the last on^ over the Pacific;, 
Ocean, all during one orbiN/hile the astronauts were Counting flashes. After 
Appllo-Soyuz splashed down, the crystals (still in their light-tight bqxes) 
were sent to Frankfurt for development and ahalysis. . 



The second^dptector was a cosmic-ray telescope developed by the Principal 
Investigator anifiCo-Investigaters at the University of California at Berkeley. \ 
This detector depends on the effect of a cosnftic ray 'posing through a silicon. 

^ solid-state junction. The effect is a pulse (count) in the electric current flowing 
through the junction. Budinger nr^ade a strip-shaped junctibir(top of Fig. 2.3) 
that detected a cosmic ray anywhere in its 17-nniiIlimeter length and 
3-millimeter width. He put four of these detector strips op each of four 
0.^-millimeter-thick silicon wafers. He used two of these wafers crossed at a 

' 90? angle, as shown in Figure 2.3, to measure jc arid j where the cosmic ray . 
entered the topoif the telescope! That is^if.he gota pvi^lse on thejc = 3 strip and 
a pulse OB the)? = 1 strip, the cosmic ray enterecl sQ|Trtewhere iri the square 
patcd iabeled.3,1. • , \ 
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Cosmic-ray lielescopd, for Experinlent MA*106i 



At the bottom of the telescope, 15 milUmeters below, was another pair of . 
j:-^; waifers, and a cosmic .ray is shown going throUgho: = 1, 7 = 4 there. 
Betwetgn the two 'pairs of wafers was a 5-millimeter slab- of copper that 
reduced the cosmic-ray kinetic energy £ by an amount AE that depends on the 
cosmic-ray char^eZ and its energy l/2i4v^, where4 is the ion mass in atomic ■ 
units and v is'the velocity. Therefore,, the pulse sizes (larger from the^top 
; crossed wiafers and smaller from the lower crossed wafers) gave an estiniate of . 
the kind of cosmic ray that passed, as well ias itis direction. The smallest 
detectable pulse (giving a count) corresponded to jyl LET of 10 ke V//xin (such • 
as nitrogen nuclei with 4(X)tt"rDegaelectronvoU§ of energy). ^ 

MA-106 Results ^^^^^^ 
Light Flashes and Cp^ 

A plot of ApoUo-Sbyuz orbit number; 11 1 around the Earth froni 15:00 to • 
16:35 GMT on July 22. 1975. is shown in Figure 2.4n Each of %e«2 flashes ; 
reported by th? two blindfolded astronauts is plotted by one of the five 
symbols listed on the left. There are 42 star flashes. 1 supierri6va(.' 26 streaks or 
; *'hotdogs.'" and 13 commas. Note that there were few ffeshes reported near 
the South Atlaatic Anomaly (S AA) or anywhere neEU" the Equator. Most of the 
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Figure 2 A Orbit trihck and locations of reported ll^ht flashes In Experiment MA- 106. 
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flashes wSTe seen between 30'' and 50*^ N laU^^ 

latitude. Apollo-Soyuz at 222 kilometers altitude w^s clearly below 

Atlantic Anomaly, and the cosniic rays that cause flashes ; . J . 

far from the Equator, as ejcpj^ctedfronithe^^l^^^ • 
plot .of the^ measured inte^^y of cosmic ray s with LET larger than 

compared to the numbers of flashes reported by the astponaiits in each i 

3-minute segment of the 90-minutedur^tioh of theexperim^nt/The two 

afethehighlatitudesof ApbllorSoyuz at 15:06 and 15:52 GMT. Thematch is 

fairly pood and shows that the light flashes are caused by the high^energy 

cosmic ray s that £Cre deflected in toward the north and south magnetic poles of 

the:Earth.\ '■ ..^ ' ; ' . . 





Oueslion$ for Discussion ' 

(Flashes, Cosmic Rays) 

7. If the astronauts had startfed counting'^ flashes without waiting JFqc their 
eyes to beconr^e adajrted to the darkness * what errors mighthave been made in* 
their reports? * ^ ^. - ' ✓v ' 

8. While Apqilo-Soy uz was between'5Q° and 5 1 lati]t|jide%orth or south), . 
the astronauts? reported 34 stars, i supernova, 7 commas, and 21: streaks in 
about 63 minutes. Wfiile .bietween 30° N and 30° S latitude, ihey reported 8 
stars, 6 commas, and 5 streaks in about 30 minutes. On the way to the Moon, 
far from Earth, Apollo astronauts counted ? or 3 flashes per minijte. What can 
be concluded about cosmic ra/s and flasihes fro^ 

• 9. the cosmic -tay tele§cot>e detected rays that passed through both pairs of 
crossed wafers. What cosmic rays did it miss? ; ' \ * ' " 

' 10. If the number of flashes per minute had been much highe/, what kindof 
error niight have been made in the astronauts* reports? 

^11. The artificial cosmic rays used in the laboratory so far to produce light 
flashes are, not of high enough energy and. mass toi produce Cerenkov radia-; 
.tibh. If higher energies and mass §re used someday, what results wogld you 
expect? "■. ■•»: 



16 ^ 



CbshiiC'Ray Effects c^^^^ 
ilacterial Spores, Sdeds, 



Small organisms can be carried aboard spacecraft. in large numbers, anji the 
effects of cosihic rays on them c^ be. mQasured statistically . Furthermorev it 

•is^.ssiblerto coihit the aetusfl niiniber of cpsmic-ray-*hits," rather than just 
measure the cosmic^ray intensity near an astronaut's head, as was done in t^e 
Light Rash Exf^riiTient^;^^^^ Biostack illExperiment (MA-107), individual 
cosihic ratys weiie tracked through layers pf:J)acterial sppres, small seeds, and 
e^gs interteave^ with layers or AgGl-crysti^ wafe speciat^Jastic ajid 

j^special photographic, film that registered where ejch cosmic-ray ^ 

• passed. ■,■ \ " ' v-^J ^ • 

: The objective of ExperimentMA''-107 was to dp^termine the damage caused 

■ by cosmic«-ray lyts on these small living organisms, especially the changes 
(niutalibris) in th? organisms as tliey grew in the laboratpry after the missibn. 
From these studiesywe hope to learn ^yhat damage cosmic rays may do to men 
and women on long spaceflights. The-Frihcipal Investigator, Horst BCickec, 
had 32 Go-Investigators' who , were experts in various biological fields- 
spores, bacteria.multiplication^^mutations, development of seeds, ^roNvth of. 
plants, and development 6f e^'s and ihsects — as well as experts on cosmic 
raVs.: ■"■ ■ ' ' ■ : ' . 

HZE Particles ( 

The most damaging cosmic-ray particles are those with high electric charge 
(high Z, the atomic number) and high kinetic energy E. When such Wigh-Z^ 
High-E (HZE) particles pass throiigh.a substance, thfey^ leave a large amount of^ 
energ;^al6ng their track-— energy that ionizes the atoms and disrupts 
molecules. In some plasti^, the material along the.track is so changed that it 
can be !*etched" out by'sodium hydroxide (NaOH, a strong alkali), leaving a 
thin tube along the track^r'The HZE tracks can als6 be seen on *.*nuclear track 
emulsion" (a special pho^ipgraphic film) after it is developed. (The silver 
chloride,. AgCl, 4s broken into silver (Ag) and chlorine (CI) alpng the tr«ck, 
and the silver particles ^how black on the developed fififi.) The entulsion is 
spread thickly (0.6 millimeter) on the film, and physicisis can s^ the HZE 
tracks in a microscope as little black lines at various angles th|Ough the 
emulsion. As noted in Section 2C, large crystals of AgCl(Cd)^alSo record 
.'HZE tracks wijile they are illuminated with yellow light. 

The MA- 107 scientists used all these method^ to record HZE tracks through 
a scaled stack .ofZvY wafers about 10 centimeters in diameter (Fig. 3,. ^)/The 
height of the stack was 12.5 centimeters, and the sheets of spores, se^s, and 
eggs were interleaved -with cellulose nitrate filastic (CN), polycafipnate 
plastic CLexah), and hucjear-track photographic fijm. Figure 3.2 slfcws ^ 
small part of the stack in Container A . Each of the two layers labeled P VA*has 
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. Figure 3.1 BiosUdT III Container A And Container B for Experiment MA- 1 07. 



a single layer of seeds embedded in polyvinyl alcohol (a kind of glue). Tjie 
etched tracks in the CN sheets showed the path of an HZE particle through thie 
stack. The HZE particle often passed through one or more spores, seeds, or 
eg^, as sh^n in Figure 3.2. The size of the etc^^^ 

showhrtie energy and approxima^eZ (ion charge). The photographic emul- 
sion detected lower energy tracks, and the AgCl(Cd) crystals, in Corttairter B 
recorded the lowest energy cosmic rays (1 keV//Am LET). The crystals 
showed that 1500 cosmic rays passed through each square centimeter of the 

. Apoll(^spacecraft during the 217 hours that it was in orbit. 

^ However, of these 1500 cosmic rays/cm^, only 1 percent were HZE 
particles (with Z greater than 6Xthat prbducied wide tracks in the CN etched 
withNaOH. It is this 1 percent thSlH^xpected to cause damage;, rather than 
either the lower energy protons i^ — 1 ) or the alpha particles (Z = 2). Frbni 
the different numbers oif tracks in the crystals, photographic film, and etched 
plastig, Biicker and his Cb-Investigators were able to estimate the spectrum of 
the cosmic-ray energies plotted in Figure 3.3. They alsocounted "disintegra- 
tion stars'' like thie one shown in Figure y.4, where an atomic nucleus 
exploded (upon capturing a pion), reisulting in many short tracks (100 to 200 
micrometers) going in all directions . There were about 3500 of these stars per 
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cubic centimeter of photographic emulsion, and presumably about the same ' ' 
nUmber^undetected)percubiccentimeterof spores; seeds, andeggs. Because 
. these disintegration stars release nuclear energy, they are thought to damage 
living organi^s like HZE particles do. 
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Figure 3.3 Cosmic-ray energy spectrum for IMA- 1 07 Container A 



I 



23 



ERIC 




Disintegration-star tracks magnified 500\tiihes. Figure 3.4 



g Mapping the HZE Hits 

The I^rankfurt scientists built a very accurate, '*microrrianipulator" vjfith 
; which they could pick up spores of I -micrometpr size and pla^^ 

NaOHon a partly etched cosmic-ray track with a precision of 0 J nriicjpi)^ 
They had microscopes arranged to measure,?: ancjj^coordinatep on thS plastic 
sheets and films to an accuracy of 0. 1 microm^r. "^^^^-^ 

The principfe of mapping the HZE tracks through several sheets of plastic 
and two layers of seeds is shown in Figure 3.2. Because the NaOH used to 
etch the HZE tracks in the plastic would kill the seeds, the seed layers were 
scaled between two plastic sheets while, the sheets were etched in NaOH for 18 
hours. This etchmg proces^started a small conical hole in the plastic surface 
wherever an HZE particle had passed .through. With the micromanipulator, 
the scientists then put droplets bf NaOH into the hole to make it deeper and 
deeper, until it almost reached' the seed on the other side of the plastic 
(Fig. 3.5). This process was repeated for about 3000 tracks on 35 s'heets and 
enabled the soienlists to identify 1 86 seeds and 409 eggs hit by HZE particles. 
. The spores were so small that when the scientists measured the distance 
' . from the center of the spore to the nearest HZE track, they foun^i more 
than 400 spores within 10 micrometers of a track; 22 of them were within 
I micrometer. 
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Figure 3.5 



Etch cbne of aii HZE-partlcle track In CN, coVeriKi with Arabfdopsis thaliana 
seeds in polyvinyl alcohol (PV A). 



MA-107 Results on Biological Damage 
V From HZE Hits ' 

After a spore, seed, egg wak identified, as having been **hit," it was 
carefully removed- with the micibmanipulatpr. The spores were placed in a 
knqy/n place (x and*j measured) on a nutrient jelly. Some of the seeds were 
* planted, and all the eggs wefe incubated to hatch: Two control groups-^ne of 
spores, seeds, and eggs from Biostack Illthatw^ 

one^that remained .in Frankfurt during the flight— were handled in the same 
>. •. ■ * way. ' •• ■ : ' \ 

■' The MA- 107 scientists were a^y^ that factors other th^ the HZE hits 
. might affect the .sp|Oiies^/;?eeds,j^ 
become dismpted by one ^njQjd^ 

been hit by low:energy cosmic rays, or.have been affected iby Wei 
(Pamphlets Tand VII) for 9 days in Apollo-Soyiiz. There was also the chance 
that the hIzE hit did not. pass through a vital part of the spprjp, seed, or egg. . 
Like fhany biological experiments, this experiment had to; statistical, 
combining the effects observed on many individuals to give'thepro^^^ 
damage from an HZE hit.'This is why such a large num^ber of small organisms 
(about 5 X ,10® spores, 23 OOci seeds, and 30 000 eggs) were carried on 
Apo.llo-Soyuz. ^ • 
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Manipiflatlon «nd growth of a single BacjUlus subtUls spore. The spore to be FigMre 3^ 
removed is shovkr\ at the end of the ri^edle in (a)r the spore has been removed 
in (b). Increasing incubation ttmes to'250 minutes are shown in (c), (d), and (e). ^ 
and t^e coloriy after 24 hours is shown in (f). 

'} , • * ■ ■ ■ ■ . ". . 
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, The spores were. single-cell **cggs" of Baci7/wjr 5Mi?fi/iJi bacterid 
.**plantedV' in warm nutrient jelly, they normall^^ 

. that multiply rapidly 'after a few hours (Fig. 3.6). The fractibn of spores that 
formed colonies is plotted in Figure 3.7 against the distance from an HZE 

: track. Only 68 percent of the 22 spores^hat were less than 1 niicroipeter frorh 
ari HZE track were abMo fbnn colonies, wlj^as 89 to 90 percent qf the 50 
spores in thte control groups formed colonies: The fact that 50 Spores carried 
on Apollb-Soyuz (but located more than 50 micibmetersfrom any HZE track) 
\ performed just like 50 spores in the ground-control group shows that no othet 
factor affected thenfi. • • n ^ ^ 

Ninety seeds of the Zea mays plant were hi^ by HZE particle^j^d 17 of 
these were planted inimediately. (The otheri were grown later,) Fifteen 
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plants sprouted, butfiye of them had smaller leaVes than the 64 control plants. \^ 
Eighteen seeds of another p|ant (Arabidopsis fhaliana) were hit, but these \ 
ybiing plants showed no signiflcaAt diff6ii^nqes:from the control plants. 
• Most of the eggs hit by HZE particles t^^^ The 
number that hatched was lower thanja Itjtp^pntrol g and some of the 
larvae w^ defonned (Fig. 3.8). By-^areful observation and microscopic 
dissection, the MA-ip7 scientists hojfe^ftTTe^ what parts of the eggs were 
vulnerable to HZE hits. . f 

Much more research is needed. before these studies can be applied tgt'tlij^ 
question of how HZE particles and other radiation in spacecraft , may injure, 
men and women o.ver long periods of tinie. It is worth noting that the eggs and 
spores darned on Apollo-Soyiizin Biostack IH are known iobcmore resistant 
to x-rays ihkn man is. The lethal dose dose that kills 50 percent of the 
organismsun question) is 400 rads for humans, aboiit 1000 rads for the eggs, 
and about 1^ 000 rads for^e spores. Assuming that the damage by HZE 
cosmic rays i^similar to the damage by x-rays, m^n and women should be 
more vuinerablejo C9sri^rays than the small organisms carried on Apollo- 
Soyul ■•^fiv ' ; , ■ i ' • ; , ; • ' 




Malformations of Artemia sa/Zna Induced by HZE particles that penetrated their Figure 3^8 
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Q QuesUdns^br Discussion 

(Cosmic Rays) 

12. Why should high-Z ^p^rtiojeis make larger, tracks and cause more 
biological damage than protons of th&-s^me kinetic energy? ' - 

13. AreHZEcosmic rays expected to show the same latitude effecras loWer 



energy cosmic rays? 



14. At any one moment, did cosmic rays come in diPApbllb-Soyuz equally 
from all sides? • A.^ 

15, Can you tell which way the tlZE partiple moved along the track in 
Figure 3.5?; ^ . 
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Discussion topics (Answers to Questions) 

• • '■ .. ■ . • ' ■ . •. • -• ■••V • ■ . ■■ ' '. 

li (Secv ID) A cosmic ray ^buld be coniplete descjribed by its speed 

: (usually giv^n as kijnetic energy fe), ion chargeZ (positive), maSSi4. in atomic 

mass units,, and direction oC motion (two angles needed). Note that becaus<^ 

•the ions are completely stripped of electrons, the atomic numberZ specifiesi4 

(bec^use/l is approxiniately 2Z for most elements). 



2; (Sec. lb) Venus has no magnetic field and therefore no Van Allen belt 

3. (Sec. ID) Changesiin theEarth*s magnetic field detected by coniparing 
the magnetism of old (dated) rocks with the present field direction could be 
due to two causes: (a) the currents in the Earth's core changed, thereby 
changing the magnetic dipqle, or (b) continental drift (see Pamphlet V) 
moved the rocks from where they were^ formed to a different place. 

4. (Sec. I D) If the garth's atmosphere were drawn on Figure 1.1, it would ' 
extend only 1 millimeter or so above the. circle representing the Earth. The 
electrons . and protons of the Van Allen belt are.reflected back in the poliar 
regions .much higher than this. However, if the atmosphere were ,10 times ' 
.thicker^ it Would interfere with the north-south Dscillations of the electrons 
and protons at each end. The electrons and protons would be absorbed and the 
Van Allen feeU would be eliminated; \ 

5. (Sec. ID) Lead has higher density gni/cm^^ than aluminuni (2.7 
gm/cm^); therefore, a lead shield oif l-centimeter, thickness has much more 
mass. Itjfs the mass per unit area that absorbs cosmic rays-and x-rays/so 1. 
centimeter pf lead is the better shield. (The prbduction pf secondaiy gamma 
rais in both shields — more in lead— makes an accurate answet.more complex 

than this.) Living tissues hayp a density near 1 gm/cm^. 

■ • . .■ * ■ ■ ' ' ' 

6. (SecViP) Yo^r head is abo^it 16 centimeters br 160 ()^ micrometers ' 
thickv The 2000-megaelectr6nvolt cosmic ray would therefqjfe lose ! .6-X 10® 
kiloelectronvolts or J.600 ipegaelectronvolts :and conrie oi^t with only 400 

O^megaelectronvoltsx)f energy. V ■". ■ '] v 

, 7* (Sec. 2E) If the astronauts had counted flashes before thelf eyes had 
adapted to darkness^, they nlight jiave missed , som^- oft the smaller, faintjer ^ 
r flashes at the beginning of the experinient. Th'i&^i^ncipal Investi^iatbr vyanted 
the same eye sensitivity to flashes. throughout the experiment. 

. * 8. (See: iZE) At high latitudes, the astronauts counted 63 flashes in 63 
minutes; near the Equator, they counted only 19 flashes in 30 minutes, which 
is equivalent to 40 flashes in 63 minutes. The higher rate at high latitude 



... , 

.shbw? that the intensiti^'bf cosmic ray? there more nedrly resembles the 
intensity of cosmos ray$»f^^ 

minute. (Note that the fearth cuts the cosmic-ray intensity in half for a 
low-orbiting spacecraft because it.sjhields one side. On the way to the Moon, 
Apollo had no such Earth shield.) The ratio of streaks to stars and commas was ' 
21 to 42 for high latitudesandS to 14 near the Equator. These ratios may show 
some differences in the jcinds of cosmic rays coming in to polar and equatorial 
regions . (There is also some question jabout the relative sensitivity of different 
astronauts* eyes to flashes, but the individual reports are not available.) 

' 9..(Sec. 2E) Figure 2,3 shpws that the "field of view" (Pamphlet^ II and • 
III) of the MA-106 cosniic-ray telescope wqs about 77°. That is, there, is a 
cone in which all the rays were counted: 12 millimeters wide at the top, 
^ coming to a point at the;^|pter, 'q|nd 12 millimeters wide at the bottom,. 
15millimetersbelow.jSiieiiftglei9 o is'half the field of view, and tan 

i9 =, 6/7.5 = 0.80, andP = 38.7°. The telescope missed all the rays coming 
in from. the $ides (apd a few betweeri the juncftioit strips). , 

10. (Sec. 2E) If. the flash rate werp much higher, an astronaut nii 

or three flashes almost at once and think that he saw only one. Then he woiil^ 
; report fewer than the actual number of flashes. ; • 
. . ■ r^-c . ' ' "' . : / ' ■' ■ • ■ ;' V -f^' . ' = 

11. (Sec. 2E) If 5000-megaelectronvolt neon ions are somedajr fired into 
human^^ives, they shbuld produce Cerenkov radiation in the eyeball. These 
would bes^een as **diffiise clouds" (Fig. 2.1). 

12. (Sec. 30) The large? electric- charge on a high-2I ion prpduce;s $trong 
' eiectr^ic forces that; extend farther oat ort all sides thaii do those froji) a proton 

(Z loVThe ionization along the High-Z ion path thus extendsjarther out in 
' plastic or living tissiie and affects a larger volume along its <tra^ck: 

■ ' • ■ ■. ' ■ " ' . ■ . . ' ■' . ■>.;'■ '■''■"' 

13. (Sec. 3D)The*- bending'' of a cosmic ray by the Earth>|hagneU^^^ 

.in Figure 1,1 is caa^iid by a force perpendicular to 'both^ the 
particle^s velocity vector V. This force is proportional 
"speed V. but»the acceleration inversely proportional to its 
much larger for highZ. Thetjefore^THZE paiticles arcdeflected les^tfecause of 
ii-large 4*^nd £dsp because the acceleration produces less bending, at higher 
- speed. (The racfius of;curvature is proportional to /4v/Z.X The latitude effect 
will thus ibe sman^^^^ ' . " 

14.. (Sec. 3D) The; Earth is an effectiy.e shield. so there were never any 
cQsmic rays ctoming up froiri Earth foward Apollo-Spy uz. 



15. (Sec. ^D) Unless the (rack ends, there is no way to tell which way the 
cosmic ray was moyiiig. (However^ it is more likely that the ray came from the 
bottom end of Biost^ick III, which faced the Apollo cabin wall, unless Apollo 
was rolled so that the wall faced Earth.) . • 
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Pbwirs of 10 I 




.vie- 



Intinwt^ 

:NanV^$»;&yihbols, ami (^onv^rsion factors of SI units used 


in these p 


i '• ■ ■ f ' * . • ' ' ' - ' ' ' 


Quantity 


\ 'Name of iililt 






;':^6Dy(ejC8iton factor - ' . " ■ , ' 


DisiiuicCs 

■•* . ' ' 


meter •:.;*>:.■.•■ 


MM 


.mV>-' 




■ Mass 

■.■ ■■ 


:■' ■ ■; kilogwmV^^ ..f^' 
• ■' ■ ^ '''«' i' / ' • 


■■'■(l 


'.■) • 


■ 1 kg ii^2^2p;lb'';;^"■-■f^-.;r■■^'. / 

1 gm = . 

1 mg = 2.20 X io'^flt^iJvS X 10"' oz 


Time 


. second 

• ' i -i ■ 




;sec. 


1 yr = 3J56 X lbr>)i 

1 day = 8.64 x 10* tec V 

1 hr = 360O sec : 


Temperature 

*. i» 






1 K., ^.'^ 


273 K= 0°C =",32° F ' , 
373 K="lOO*C = 212° F 

'i '- > .. '■ ■ ■ . 


Area." 


squarej meter 




: m* . 


. a ;i7(A 4 10* cm* = 1Q.8 ft* . , 


Volume. / 

. ' • • ]■'. ♦ 


^ . v .tubic meter 






'Ptn?= 10«cm3^35f^ 


Frequency ; 


.•■•'^itEi|^( ■ 




Hz K 

\. ■: t 

1 


i kz— 1 cycle/sec . ■, 

1 idiz == 1000 cydes/sec ' ' -/ • 

1 MHz = 10® cycles/sec.. - ^ .^-v^ 


Density 




. ■ 


kg/m» 


tjcjl^ dOOrgm/cm* \: 


Sfpeed, velbiity 


■ ■ .'^^^jier^^cond L 






^tTiot^^ 224p?mi/hr: : / > 


Force 




■, ■ ■• ■■. 




1 n '= 10* dynes =^0.224 Ibf 
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Qoanttty 




' Symbol 










1 N/m^ =; I AS H '^f^^^^^)^^^^ '^^ 




mcJtcr.'';^ '':'''^ 








. /*■;■ , ... ■ . • • .■ b ;v 
joule 


■' J ;■. 


. 1. J = 9,239 Alone / 


Photon energy 


electrpfiyiqiitj^ ' 


eV 


: 1 eV =<^l.oU X lu. J^; I J " lu erg 


PdWcr ^ 


— — : 


W 


1 W = -1 J/sec . . V . 


Atomic mass 

• \' ! ■ * 


atomicimass unit 


arpii'v. '•< 

■■ • J'.' ■ ' '. '.- '"^ 


;l.aihu=:4;^>^VlO-»''kg : 

*'».->V-/ • •. 'v- 

■'v. k;'' ^ ■ ■ " . . • ' . " ' ' 'K 
^ ^ . . . , ' • . -^-^ 


.-^ '■ = ' — ^ ~ ■ — : ■ J' 

Customary Units Used With the SI Unlt^ 

... '. > '.»*•- 


:^;';::;'^*-:'-:^>>V.:'J 




Quantity ; 


rName of unit 


Symbdli 


Conversion factor : 

, ■ • * ■ . ■ ■ ■ ■ '• ' 


, Wavi?lcngth of 


angstropi^?^^ 


q ■ ..' 

., A-^ 'ij • 


i A = 0.1 nm =..10-'f m' 


JACjbeleratibn 

i'-*^bt;^vity 


— : — ' ^ — \\> — ; '■ — ■■ ' ■ , 




— — ~ — ~»^>»n "-: 

i .g = 9.8 rn/sec^ < ' 



■.V .t . 



■ ,• .^■■.•^•.■•■'->''.t 
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. . • y • 


. ■ " . ■ ' ■ . ■ ■ ' 

' ' - ■'■ . . ■ /' 
• *' ' . ■ ' 


>* ■ . • O' »■-'. 

■ ■ ,"■ ^ ' ■ .' '• ■ • 

; ■ ." ... ..i, r d'V'^i; " 


UnitPranxM 








Abbreviation > 


Factor by which unit 
* is multiDlied 




■ t'',' ; ■ ': ■■ ' 


10" ' 


■ ■ • - V 


: G . ' -v , 


.lo*'-.-;; /; 


mega 


■ , M . . , ■ : - 


■ ■ 10* ,. 


kilo 




■ 10' ' . ■ ■ ■ 


hecto 


h • , 




■i centt 


; . . / c ■;■ 


io-«\-. 


milli' 


m : ■ 

■ . . •* *•■ 




. . micrp ; • V > 


. ; ' 


io-« 


nano . -r . . 


■ ' n 




: pico .. . ■ . J i 

■/ ■ . ■•■ .. ^^:^^f; 

.' 'V ' »> ■' ■ ■ 


' ■ :,.P ;: A ^ 


10-" . ; 


Powers^ of 10 ^ vf 

. • • '■ ' -lit . ■ . 








Decr^^asing 

r' 




10^ = 100 , 

• ■ ../^^i , ■■• • 

lU^ = 1 UUU 


10-2 =1/1019;^^* 
10 = .1/1000 = 


; • / ; : ' ^ ■ . . 

0.001 


. 10^ = 10 000, etc. 


10-^ = 1/10 000 


= 0.000 1» etc. 


.• . • . 

Examples: 

V . • ' v ' • • • .■ 


Example: 





2 X 10» ==,2 000 000 
■U^k 10*® ='2 followed by 30 zeros 



5.67 X 10-* = 0.000 656 7' 
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^Glossary • •V€V*5/,:"" 

References to sectipns, Appendix A (answers to questions); and 'figi^s 4!Ce' 
included in the entribs. Those in i7a/ic* type are the most helpfuflv 
. AfgjCiiCd) crystal silver chloride^ith a small aniount of cadmiunt^'added; 
. '^^^ysed to record cpsmic-ray^lracks. (Sees. 2C, 3, 3A; Fig. 2.2) 

P9)rtkle a helium atom (Z = ^) with two.elecUx)ils removed; the helium 

Ceitnkbv radbtibrt^^ by a particle traveling near the . 

speeid of light when it enters a substance where, the velocity of light is less 
than the particle's speed. (Sees. 2, 2A, 2E; App. A, no. 11) 
CN (cellulose nitrate). a plastic in. which HZE tracks can be etched wit;h 
y NaOH. (Sec. 3A- Figs. 3:2; 3:5) . ' 

^Co-Investigatbr a scientist working; wit!) the Principal IrivestigatoiPon a 
' . .NA^ A experiment. ; ^ 

controi group a group of individuals (sik)res, seeds, eggs, people) with the 
- same characteristics as the expenmental group and u^ated the s . 
except for tjie one factor (such as exposure to cosmic ^ys)'that is being 
. tested by the' experiment (Seo*^^^^^ 

cbsmic ray an extremely high i^pp^j^ii^ a stripped atomic nucleus. Solar 
r cosmic rays are blown out of the Stin; galactic cosmic rays arrive from all 
'y;^ directions. (SctSv 1,7/1, IB to 3E; App. A, hos.7.5,,6, 8, 9, 13to 15;Figs^ , 
'P 1.1 ,2.3, 2.5, 3,2, 3^.3) See //Z£. ion, radiation, track; aliso see Pamphlets';; 
II and III. ' 

count one pulse of current or voltage from a detector, indicating the passage 

of a photon or particle through the detector; (Sees. IB, 2C). See r^/^-ic^^ 

Light;fl^shps were counted by astronauts for Experiment MA-106. (Sees, 

IC, 2S; 2G; App. A, nos. 7, 8, !0; Fig: l5) • 
cydptroo a machine that produces very high speed (high-energy) ions by * 

whirling them around in a magnetic field. (Sec. 2A; Fig. 2.1) 
disintegration star several particle tracks^ from ICX) to 2j[X) micrometers 

long, st?tfting froni one point, showing the explosion of an atomic nucleusf 
. ; (Secs. iy4, 3C;:F\g.3.4) ' 
' electronvolt (eV) a unit of eij^f^y ^^^^al to the kinetic energy of an electron 

accelerated from rest by j|. ^o}t: '1(XK) electronvolts = 1 kiloelectronvolt; 

1(XX) kiloelectronvolts,=^:'|,^ 10"'Vjoule. 
eniulsio^>.:t|bie sensitive ^iaiy€ii;iih'' photographic filni. Some emulsions are 

spe^liy;^^ 

etch t^dis^f^ a plastic where a cosmic ray has ch^ged the composition of 
V the pfaStic along its track. The etching of and Le.xan plastic is done with 

' NaOH. (S&s:3A,3B;,Fig. 3:5) V 
gamlha rays very hjgh energy photon^! of Wavelength shorter than x-rays and 
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energy higher than x-rays (higher than aboiit 100 kiloeleetron volts). 
;.Ganir)ia rays are produced by nuclear reactions and other processes in* 
' distah't regions of space. (Sees, 1B\ IC; App. A, no. 5) See Pamphlet II. 
Greenwich mean time (QMT) the time of an event, from 0 at inidnight to 12 . 
r hours -at noon to 24 hours ^t midnight, as measured at 0** longitude 
.-(Gisenwich, near London, England); used on space missions to. avoid 
. confusion with other time ?ones. See Paniphlet 1. 
HZE particles cosmic rays with high atomic number Z and Jiigh kinetic 
energy E; atomic nuclei of atomic number Z greater than 6 and energy £ 
gttepiter than ICX) megaelectronvolts. (Sees: J/1, 3B, 3G; App. A, no. 13; 
Figs. 3.5, 3.7, .3.8) - ' 

ion ah atom with one or more electrons removed or, more rarely, added. 
Cosmicrray ions have £^il electrons removed and ionize other atoms as they 
passthem at high speed. (Sees. lA, lC,2to2C, 3A; App. A/nos. 1, 11 to 

junction the interface between two solid materials. A silicon solid-state 

junction passes a pulse of current when a cosmic ray passes through, (Sec. 

2C; App. A, no. 9; Fig. 2. J) 
kiloele€tronv61t (IceV) See e/ec/r(9nv<7//. * * i 

latitude effect the. decrease of cosmic-ray intensity on Earth from high 

latitudes to the Equator. (Sees. 7/4, 2B, 2D; App. A, nds. S^r 
LET (linearnenergy transfer) the energy lost from;a cosmic ^ray per 

micrometer along its track as it passes through living tissue^ It is also csdled 

**stopping power." • (Sees. IC, ID. 2G, 2D, 3A; Fig.,^;3) 
Lexan polycarbonate plastic in Mvhich HZE tracks can be etched with NaOH. 

(Sec. 3A; Fig. 3.2); . ; . ■ • 

MA-106 the Light Flasl^Experiment on the Apollo-Soyuz mission. (Sees. 1 , 
: 2A, 2C, 2D; App. a\ no. 9; Figs. 2;2 to 2.5) - . 

MA-107theBiostack in Expenment. (Secs. 1,^ 3.Atd3C;Figs. 3;i to3.3) 
magnetic dipole a bar magnet with a north pole at one endahd a south pole at 

the other. Electric current in a coil of wire^produces a similar magnetic 
. dipole. (Sec. lA; App. Ai no. 3; Fig.Jy.i) 

magnetic fleld the strength of the magnetic force oh a unit magnetic pole in a. 

region of space affected by magnets or electric currents. (Sees. lA, ID;' 

App. A, nos. 2, 3, 13; Fig. 7.7) ' 
magnetic linesrof force theoretical lines giving the direction of the force on a 

test magnetic pole at any place^n a magnetic field. (Sec. lA; Fig. 7 .7) 
magnetoisphere a region aroynd the Earth which the solar wind cannot 

penetrate because of the Earth's magnetic field. (Sec. lA) - ^ 
. megaelectronyolt (MeV) See e/ec/rprivo//. 
micrometer (Atm) one-millionth of a meteor, formeriy called a micron. 
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Milky:W9y Galaxy a disk-shaped group of more tlian 100 billion stars, 

including our Sun. (Seq. lA) See Pamphtet 11. 
mutation a change in the DNA (deoxyribonucleic acid) '"code," usually 

caused by a cosmic ray passing through the nucleus of a cell that controls 

development. The developed organism, a mutant, differs from others in its 

species, (Sec. 3) 

NaOH sodium hydroxide, a strong chemical used to etch CN and Lexan 
plastic so that cosmric-ray tracks through the plastic, will show. (Sees. 3 A, 

• -SB);". '. ■ .■■ ;. ■ y \ ■ ' ' .; ; 

nutrient jelly a culture rhedium made of agar, sugar, .^water> and other 

. materials needed as food by growing bacteria. (Sec. 3G) 

orbit the path followed by a satellite around an astronomical body.such as the 

Earth or Moon. The orbit number was used on Apollo-Soyuz to ident^^ 

time. (Sees. 2C, 2D; Figs, i.-^, 2.5) ^ 
pion ah unstable nuclear particle (meson) of mass between the electron aod 

the jproton that can cause an atomic nucleus to explode. (Sec. 3 A) 
Principal Investigator the individual responsible for a space expe^iiient and^ 

for reporting the results, 
proton a positively. .charged atomic particle, the nucleus of the hydrogen 

atom. Ion ized^ hydrogen is made up of separated protons and electrons. 

(Sees. 1 to IG, 2, 2B, 3A, 3D; App. A, nos. 4, 12; Fig. i.l) 
PVA (polyvinyl alcohol) an inert glue used to hold small spores, seeds, and 

eggs to a plastic sheet in the Biostack III Experiment. (Sec . 3 A; Figs. 3.2 , 

rad (radiation absorbed dose) a unit of radiation damage to living 

organisms; equal to lO'^joule absorbed per granii of tissue. (Sees. /C, 3C) 
radiation a term used loosely to include CQsmicrray (>articles and high-energy 

proi!bns, a^ well as penetrating electromagnetic waves (x-rays and gamma " 
' rays): (Sees. /, l A, /5, IC, 3C) y ; • 

retina the region at the back of the eyeball, formed of herv^ ends sensitive to 

light. Light is focused there by the lens at the front of the eye. (Sees. 2 to. 
' -28); r ■ ■ ' \ 

shield an absorbing material that prevents the passage of radiation or reduces 

Its intensity. (Sees. 1, IB; App A, nos. 5, 8, 14) 
^fikylab a very large space workshop that NASA put into orbit on May 14, 

1973. . It was visited by three astronaut crews who worked on scientific 

.experiments in space for. a total of 172. days. (Sees. 1 to IC, 2, 2B) 
solar wind.a stream.of ionized gas, mostly protons and eleqtrons, blown out 

of the Sun at high speed (20 km/sec) on all sides, (Sec. l A) 
South Atlantfe i^nomaly (SAA) an irregularity in the Earth's magnetic field, 

east of Brazil, where the radiation in the Van Allen belt is very intense. 

(Secs.'7.4, 2, 2B to 2D; Fig. 2.4) 
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siwre a small seed-gemithat can grow into a microbe <5r a plant such as a fern. 
Spores of bacteria (about ! micrometer in size) were used in Experiment 
MA-107. (Sees. 1, J to 3B. 3C; Figs. i,6, 3.7) 

telescope an instrsment for measuring the direction of incoming rays. (Sees, 
2C, 2E;,App, A. no. 9; Fig. 2 3) " 

track the path of a cosmic ray through a^ubstance that is changed by the 
passage of a high*speed ion . Photographic emulsion miist be deVe|oped and 
CN and Lexan plastic etched to show the tracks; "Latent tracks" in 
AgCl(Cd) Crystals disappear unless the crystals are illuminated by yellow 
light. (Secs.2C 3A,3B.3D; App. A. no. 15;FigS.i.2,3.3, 3.i4.i.5.3:7) 

ultraviolet invisible light of wavelengths less than 4000 angstroms (400 
nanometers),,shorter than those of visible light. (Sec. IB) .> ^ 

Van Allen belt a cioughnut-shapied region around the Earth from about 320 to 
32 4(X) kilometers (200 to 20i 000 miles) a^ve: the magnetic equator, 
where high-speed. protbn^ and electrons oscillate fi6rth>south in the Earth's 
magnetic field. (Sees. -H^, IB. iD, 2; App. A, nos, 2, 4; Fig. /./) 

weightlessness the condition of firee fall or zero-g in which objects in an 
orbiting sp^ecrkft are weightless. (Sees, 1, 3G) 

x-rays electiromagnetic ratmtion of very s^rt wavelength (about 0.1 to 400 
' angstroms, or 0.01 -to l6 n^ometers)-ahd hi^l^phbtbn energy (about 100 
electronvolts to. idokiloelectronvolts)." (Sees. IB, IG, 3G; App. A, ]ap^5) 
See Pamphleit II. * ^ ^ V . . '^ x:-^ 

,i atomic numbiefi or the number of electrons in^ ato^m. GosniicYay^ 'pe^ 

■ ^ .^9ms with all electrons removed; tl^tjs/ ipii^ ij^ ^O, ; 

'■•^■^^D; App. A, nos.;l/I2,'l3);^V^ 
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